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Abstract 
This paper presents a high temperature superconducting (HTS) planner balun. The balun was fabricated using double-
sided HTS YBCO films on a 3 inch 0.5 mm-thick LAO substrate. The balun demonstrates a wideband operation and 
a low insertion loss. The center frequency of the blun is 1.25 GHz. The -18 dB return loss bandwidth is 1.02 GHz 
with the fractional bandwidth of 82%. The phase imbalance is less than 7º and the amplitude imbanlance is less than 
0.7 dB. The insertion loss is less than 0.31 dB. 
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1. Introduction 
Since the found of high temperature superconducting (HTS) materials, many kinds of superconducting 
microwave devices have been developed, such as HTS microwave filter, antenna, duplexer, et al. [1]-[5]. 
Below the critical temperature of the HTS materials, the surface resistance of the HTS film is lower than 
that of normal metals by one to three orders of magnitude at microwave frequency region. The circuit 
conduction loss could be dramatically reduced with HTS material. The microwave devices made from 
HTS films have much attractive performances. For example, the HTS filter often has low insertion loss, 
sharp skirt, high out-of-band rejection and small volume.  
In this paper, we introduce a new kind of HTS device, a HTS balun used in the ratio astronomy. Balun 
is a very important component in wireless and communication system, which transforms a balanced signal 
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into the unbalanced one [6]. In balanced circuits such as dipole antenna and push-pull amplifier, the signal 
is balanced excitation. However, the commonly used microstrip lines and coaxial line, which are used to 
transmit signal, are unbalanced wave propagating systems. In the radio astronomy telescope receiver 
system, the signal from the antenna is usually a balanced signal. Before it is transmitted to an amplifier by 
coaxial line, it should be converted into unbalanced signal.  Although various baluns have been reported 
[6]-[10], the planer balun made from normal metals has large insertion loss. So to develop a HTS balun is 
very significant for the radio astronomy telescope receiver. 
2. Balun Design 
For planar balun design, the Marchand balun [10] has been extensively adopted for its good amplitude 
and phase balance characteristics over a wide frequency range. The planar Marchand balun consists of 
two coupled sections, which could be realized using microstrip coupled lines. However, for Marchand 
balun, the two balanced signal lines must be shorted to the GND. This is a shortage for superconducting 
circuit,  because fabricating a via hole on the substrate of superconducting film is difficult. 
Double-sided HTS films, which consist of two HTS layers and one dielectric layer, is widely used in 
HTS devices. Double-sided circuits with combination of microstrip lines, slot lines and coplanar lines 
have been developed [11]-[13]. This type of circuits has many advantages, such as very tight coupling, 
high flexibility in structure [11]. 
In this paper, we employed the double-sided circuit technique to design the balun.   Fig. 1 shows the 
top-view of the proposed balun structure. The balun is made up of two HTS layers and one dielectric 
layer. All of the input and output signal lines are microstrip structures.  The port P1 is unbalance port, 
port P2 and P3 are the balance ports. Both the input (unbanlanced) and output (banlanced) signal lines are 
on the top HTS layer. Each of them consists of three sections: the first section, middle section and last 
section. The two output (banlanced) signal lines are identical in structure but put in opposite direction. 
The input line is put in the middle of the balun. The width of the signal lines is denoted as W1, W2, W3, 
W4, W5, W6. The first section width of all the signal lines is designed to obtain 50 ȍ characteristic 
impedance and the first section is connected directly to the input/output port. The length of all middle 
section is quarter-wavelength acting as a quarter-wave impedance transformer. The all last section is 
quarter-wavelength open stub. The slotline is on the back side of the substrate. At the both ends of the 
slotline are identical radial stubs. The radius of the radial stub is also quarter-wavelength. The slotline is 
crossed at a right angle by the microstrip lines 
 
Fig. 1. Top-view of the proposed balun structure 
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(a)                                                                                             (b) 
Fig. 2.  Simulated responses of the balun. (a) Magnitude; (b) Phase balance. 
When a signal feed to the unbanlance port 1, it propagates along the input line. Then at the cross of the 
microstrip line and the slotline, it is converted to the slotline mode and divided equally in two direction. 
Then after propagation along the slot, they are converted to the output lines at the cross of the output line 
and the slotline. At last they appear at the output port 2 and port 3. The amplitude of the two output 
signals is equal for the symmetry structure but their phase is out-of-phase due to the opposite direction of 
the two output line. 
We chose a LAO substrate for the balun design and fabrication. The HTS balun was simulated and 
optimized using HFSS. The simulation results are shown in Fig. 2. The -18 dB return loss bandwidth is 
825 MHzˈThe phase imbalance is less than 0.26º and the amplitude imbanlance is less than 0.2 dB. 
3. Fabrication and Measurement 
The balun was fabricated using double-sided HTS YBCO films on a 3 inch 0.5 mm-thick LAO 
substrate. The standard photolithography and ion-beam milling technology were used for the balun 
patterning. The fabricated balun was packaged in a brass shield box and put into a cryogenic cooler. The 
measurements were performed with an Agilent 8510C network analyser, two ports at a time, with the 
unused port terminated with a 50- load. 
Fig. 3 shows the measured results at 65 K. The measured center frequency of the balun is 1.25 GHz.  
The -18 dB return loss bandwidth is 1.02 GHz. Its fractional bandwidth is more than 82%. The phase 
imbalance is less than 7º and the amplitude imbanlance is less than 0.7 dB. The insertion loss is less than 
0.31 dB. 
4. Conclusion 
 A good performance HTS balun on a 3 inch LAO substrate has been designed, fabricated and 
measured. The combination of the microstrip line and slotline is  employed to construct the HTS balun. 
The balun demonstrates a wideband operation and a very low insertion loss. The -18 dB return loss 
bandwidth is 1.02 GHz with the fractional bandwidth of 82% , the phase imbalance is less than 7º , the 
amplitude imbanlance is less than 0.7 dB and the insertion loss is less than 0.31 dB. 
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(a)                                                                                              (b) 
 
(c) 
Fig. 3.  Measured performances of the balun. (a) Input return loss; (b) Insertion loss. (c) Phase balance. 
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